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Introduction
Botulism has occurred in Alaska since 1947 when two deaths occurred among three Eskimos after eating pieces of whale flipper stored in seal oil (20) . Since that time, 14 outbreaks have been reported from three geographical regions along the Alaskan coastline; near Kotzebue, between the mouths of the Yukon and Kuskokwim Rivers, and on the southern tip of southeastern Alaska (Fig. 1) .
Insanitary conditions, a cultural preference for uncooked foods of marine origin, and the 'Received December 9, 1974. ZThis work was performed at the Arctic Health Research Center, Center for Disease Control, Department of Health, Education, and Welfare, Fairbanks, Alaska.
presence of Clostridium botulinum type E spores are prerequisites for endemic type E botulism (7) . In Alaska, the first two conditions were met, and the third was confirmed by isolation of C . botulinum type E from beach soils in northwestern Alaska (16) . The ease with which the organism was found suggested that soils could be a major source of botulinum contamination of foods, and that water and sediments might also be laden with spores. Furthermore, one might infer from the geographical distribution of cases ( Fig. 1 ) that C . botulinum could be found along most of the coast of Alaska.
Because botulism continues to occur sporadically in arctic and subarctic North America, it is important to know the distribution of C . botulinum and to identify potential sources of botu- 
Materials and Methods
Soils, sediments, water, and the colonic contents of marine mammals, gills, intestines, roe, and flesh of The size of Alaska precluded sample collection throughsalmon were examined. The materials were collected out the state, The choice of locations was governed by aseptically, stored in sterile plastic bags, and kept at accessibility and our dependence upon specimens sub-ambient temperature for as short a time as possible mitted by persons outside the laboratory. The samples until refrigerated or frozen. (24), and by the diatomaceous earth concentration filtration method (10) . Swabs were anchored 3 m from shore for 48 h. The filtration method concentrated the bacteria in 2 litres of water collected along the shore. Samples were mixed with 1 g of diatomaceous earth, and the solids, with bacteria, were removed by vacuum filtration through a pad such as those accompanying membrane filters. Both swabs and compacted diatomaceous earth were kept frozen until cultured.
Portions of salmon were collected directly from the processing tables in villages. Heads, viscera, flesh, and roe were removed aseptically, and placed in separate plastic bags, sealed, cooled to 5 to 8'C, and shipped to the laboratory in insulated containers.
Contents from the colon of marine mammals (Table 6 ) were from animals harvested in the Chukchi Sea, Bering Straits, and Kotzebue Sound. The abdominal cavity was opened, the colon ligated 20 to 30 cm from the anus, and a second ligature placed 20 to 25 cm above the first. The ligated segment was removed, sealed in a plastic bag, and refrigerated until it could be frozen.
TPGY (trypticase, 5%; peptone, 0.5x; glucose, 0.4%; yeast extract, 2%; sodium thioglycolate, 0.1%; pH 7.2) and RCM-CM (reinforced clostridial medium plus cooked meat in a ratio of 20 ml per 0.5 grams meat) were used throughout the study as enrichment media. All media were freshly prepared, or stored under anaerobic conditions and used within 24 h. Each specimen was cultured in both TPGY and RCM-CM. The material to be cultured was added in a ratio of 1 g (soil, sediment, swab, macerated roe, muscle, or gills); 0.2 g (compacted diatomaceous earth); or 1 ml (intestinal contents of fish or marine mammals)/20 ml medium. Cultures were incubated at 28°C for up to 7 days, and centrifuged aliquots were tested for toxin at days 3 and 7. Samples found to be negative were repeated once. All toxin assays and typing were performed using methods described by the Center for Disease Control (18) .
The biochemical characteristics of a limited number of botulinum isolates from food and environmental sources (Table 1 ) were determined by techniques described by Dowell (8) . The Beluga strain, used as a positive control for gelatin liquefaction, was obtained from the Anaerobe Laboratory, Virginia Polytechnic Institute, Blacksburg, Virginia. During the course of our biochemical studies it became apparent that toxic isolates were not liquefying gelatin. The method of Holdeman and Moore ( l l ) , and the gelatin-agar-plate test (4) were added as additional tests for detecting gelatinase production.
Results and Discussion

Biochemical Characteristics
The biochemical characteristics of C. botulinum isolates are seen in Table 2 . They conform to the published characteristics of C. botulinum type E. The inability of an initial tube test (8) to detect gelatin liquefaction led us, at first, to believe that our isolates were similar to those described by Kautter et al. (13) and Nakamura Without exception our isolates of C. botulinum proved to be type E. The presence of C. botulinum was based upon the detection and identification of toxin produced in enrichment cultures. The media used support growth and toxin production of all types of C. botulinum, albeit with different degrees of efficiency (1, 14) . The use of heated enrichment cultures or ethanol-treated inocula to enhance the detection of the organism was beyond the scope of this work; therefore, the presence of other organisms in the samples could have inhibited toxin production, destroyed small amounts of toxin, or prevented C. botulinum from attaining sufficient numbers for the production of detectable levels of toxin.
Clostridium botulinum type B was responsible for outbreaks reported at Port Edward, British Columbia in 1960, Queen Charlotte City, British Columbia in 1961 (7), and at the village of Chefornak in southwestern Alaska in 1973 (5). All other outbreaks in western Canada and Alaska have been caused by type E toxin. Whether our failure to detect types other than E is due to their low incidence or to a failure in technique is unknown.
Soil Samples
Eighty-eight soil samples were collected from 12 beaches along the coast of Alaska (Table 3) . Thirty-six enrichment cultures from five beaches contained type E botulinum toxin, whereas of the 1 15 specimens collected from a variety of noncoastal areas, only 7 produced toxins in culture (Table 4) . With the exception of one soil sample from a pond near Sagwon, 60 mi inland from the coast of the Arctic Ocean, all of the soils from north of Point Hope were negative. This is not surprising as the only reported outbreak of botulism along the North American coast of the Arctic Ocean occurred at Paulatuk, Northwest Territories (7). Of the remaining positive noncoastal soil samples, those from Eek, Nenana, Russian River, and Valdez were associated with salmon or salmon processing. -
Sediment and Water Samples
Sediments collected in six of the eight locales sampled (Table 5 ) produced toxic cultures. Type E toxin was formed in at least one culture of sediments collected from the vicinity of canneries at Kodiak, Hoonah, Chatham, and Petersburg. Sediments from Little Port Walter and the Bering Straits were negative.
Ninety percent of the sediment samples taken near the beaches of Kotzebue, where 73% of the soils were positive, contained C. botulinum type E spores, as did 50% of the sediments taken from sand bars at the mouth of the Noatak River, 3 mi from the beach at Kotzebue. Water samples from along these beaches were found positive for C. botulinum type E by either the Moore Swab technique (two out ofsix sites) or the filtration method (six of eight sites).
Smith found that environments with high organic content had more species of clostridia than those of low organic content, and that primarily saccharolytic clostridia, such as C. botulinum type E required sediments whose high organic content is constantly replenished (22) . Matches and Liston (15) suggest that the mesophilic anaerobic population, based on studies of sediments in Puget Sound and offshore areas, is the result of passive accumulation rather than being derived from and maintained by the multiplication of the resident clostridial population. The critical factor is apparently the short period of time during which the temperature of the sediment exceeds 10°C. Water temperatures along the beaches of Kotzebue reach 15°C (personal observation) and may exceed 10°C in estuaries of southeastern Alaska during the summer months (Institute of Marine Sciences, University of Alaska, unpublished data). The outgrowth of type E botulinum spores has been demonstrated in the laboratory at 5°C (19, 21) . Offal discarded from butchered marine animals along the shoreline, sewage emptied into the waters near beaches, and effluents discharged from crab, fish, and shrimp canneries into the estuaries contribute organic wastes, and the effluents from the canneries probably seed the sediments, as C. botulinum spores have been detected in both crabs (9) 1 2 From fish-rack ditch and garbage-pit ditches I Beneath fish-drying rack I Along sport-fishing area 1 Salmon-spawning area 1
Pond formed in old river course and in fish (6,12) from the Pacific Coast. Whether C. botulinum demonstrated in these sediments were the result of multiplication or accumulation requires further studies.
Salmon Specimens
The gills of two salmon, one obtained in Kotzebue and the other from Bethel, were found contaminated with type E spores ( Table 6 ). None of the enrichment cultures inoculated with flesh, viscera, or roe were toxic.
Our findings, although based upon a small number of specimens, confirm earlier reports of the isolation of C. botulinum from salmon taken along the Pacific Coast (12). The recovery of botulinum spores in the intestine has been correlated with the presence of ingested food (2, 3, 23) , whereas their presence in the gills was associated with the proximity of the fish to land masses and river outlets, and to the ability of the gills to filter and retain spores (6) . Contaminated sediments are likely sources of water-borne spores; consequently, any increase in the populations of C. botulinum in sediments would result in a proportionate increase in the numbers of fish contaminated with C. botulinum.
Marine Mammals
Forty-four samples from six species of marine mammals yielded one toxic culture from which C. botulinum type E was isolated (Table 7) . Terrestrial mammals have botulinum spores in their feces after ingesting contaminated foods, so it was expected that piscivorous marine mammals might occasionally harbor spores. With a single isolation from six species and the history of earlier unsuccessful attempts to detect the organ- ism in marine mammals (7), it seems unlikely that C. botulinum is a normal constituent of their fecal flora. Regardless, the intestinal contents should be considered a potential source of botulinum contamination of the butchering site or carcass. These data indicate that C. botulinum type E is widely distributed in Alaska, and similar studies, wherever type E botulism is endemic, would probably result in equivalent results. In Alaska, botulism is a continual threat to the aboriginal population who continue to rely upon marine animals for food. The potential sources of botulinum contamination bf foods in the Arctic and subArctic appear to be mainly exogenous and occasionally endogenous.
The practice of contaminating the environment with organic wastes contributes to the deposition of botulinum spores and nutrients necessary for their survival. Once the organism has established itself, the question as to its origin becomes academic. The presence of nidi of spores, such as those near Kotzebue or those of southeastern Alaska, assures the transport of spores over a great distance on the gills of migratory fish. Their death results in a slow dispersal of spores into streams, and makes the eventual inoculation of additional, suitable nidi only a matter of time.
Consequently, wherever the prerequisites for endemic botulism exist, in addition to having readily available antitoxins, it becomes necessary to reduce the conditions which allow the organism to perpetuate itself, and to provide facilities necessary to prevent the contamination of foods during preparation, and to educate the population about the proper handling and storage of these foods. However, the sporadic nature of outbreaks is not conducive to sustaining studies of the ecology of botulism, or to instituting aggressive measures that might reduce the occurrence of botulism. Acknowledgments I thank those individuals who collected the many samples used in this study, but who must remain anonymous because of their numbers. I also acknowledge Ronald Gordon, Ph.D., and Dale J. Van Donsel for their constructive criticism and discussion during this study.
ADDENDUM: Subsequent to the submission of this manuscript, the author received information about an additional outbreak of type E botulism (25) and the first reported cases of type A botulism (26) to occur in Alaska. A man and wife at Stebbins Village (200 mi south of Elephant Point, see Fig. 1 ) developed type E botulism after eating salmon strips dipped in toxic seal oil. Three cases of type A botulism with two fatalities were re-
